introduction
A transverse fracture o f the s a c r u m in y o u n g patients is a v e r y rare injury. T h e r e c o g n i t i o n o f these fractures is difficult bul clinically relevant; their treatment r e m a i n s controversial. W e present two cases o f anteriorly d i s p l a c e d transverse fracture o f the s a c r u m in adolescents, w h i c h w e r e treated o p e r a t i v e l y and s h o w e d m a r k e d n e u r o l o g i c a l i m p r o v e m e n t .
Case reports

Case 1
A 15-year-old girl fell from a height of 4 m. She was transferred to the regional hospital complaining of severe low back pain and weakness in the lower limbs, mainly the left one. Plain anteroposterior radiographs performed at that time demonstrated a fracture of the sacrum at zone II [2] . The patient also had fractures of both tibiae and calcanei. Twenty-four hours later she was transferred to our department.
On admission, the neurological examination showed:
1. Extension and flexion of the toes were reduced (grade 2) bilaterally. The rest of the muscles of the lower legs could not be estimated because of the fractures.
2. Sensation over the outer aspects of both calves and soles (L5, S1) of both feet was reduced. There was numbness over the posterior aspects of both lower extremities and a spotty hypoesthesia to pinprick on both buttocks, more on the left one, 3. The rectal examination revealed decreased sphincter tone.
The initial radiographic examination (Fig. 1 ) of the lumbosacral spine confirmed:
1. A forward displacement of the first sacral segment with part of the second, over the rest of the second sacral segment 2. Burst fracture of the body of the fifth lumbar vertebra with a posterior left-lateral displaced fragment from the body 3. Forward subluxation of the third lumbar vertebra over the fourth with posterior bulging of the relevant intervertebral disc, 4. Fractures of the transverse process of the fourth and fifth lumbar vertebrae 5. Fracture of the transverse of the fourth and fifth lumbar vertebrae 6. Fracture of the neural arch of the fifth lumbar vertebra with anterior displacement of the left lamina inside the spinal canal.
After her admission to hospital, a laparotomy was done for a suspected ruptured spleen and a large retroperitoneal hematoma and mesenteric tear was found. Soon after, the patient was turned to a prone position, a posterior approach to the lumbrosacral area was performed. During the procedure, removal of the laminae of the fifth lumbar and first sacral vertebrae and part of the fourth lumbar vertebra was performed, and the displaced bony fragment from the body of the fifth vertebra was also removed. Copious amounts of autolo- [2] . B Lateral view shows forward displacement of the first sacral segment with part of the second sacral segment over the lower sacral part, and forward subluxation of the third over the fourth lumbar vertebra gous bone graft were placed bilaterally from the fourth lumbar vertebra to the sacrum in order to achieve spondylodesis.
The postoperative course was uneventful. A few days later the patient had to be operated again for the fractures of the tibiae. The calcaneal fractures were treated conservatively.
The patient was discharged home, wearing a thermoplastic thoracolumbar brace, which was removed in the 6th month. She was treated with bed rest for a period of 3 months. The patient was examined at the outpatient clinic on the 4th month after surgery, at which time she had no complaints about and she was able to walk with difficulty due to the fractures of the legs and the neural deficit mainly of the left foot (dorsiflexors and extensors of the toes were grade 3).
Eighteen months after surgery, the patient walked without any pain. The strength of the muscles of the legs was normal, although there was some clawing of the toes on the left foot that had no need of surgical correction. The X-ray examination demonstrated very good consolidation and no alteration of the initial posttraumatic deformity (Fig. 2) .
The patient was examined for the last time 40 months after the accident. She was functioning perfectly pain free and the only problem was the clawing of the left toes.
Case 2
A 15-year-old boy was referred from a county hospital, were he had been hospitalized for 24 h. He had been squashed by an agricultural tractor. A medical report stated that the patient suffered severe lumbar and abdominal pain and reduced strength of the muscles of the right leg below the knee. Control of the urethral sphincter was not estimated at that time, because a urethral foley-type catheter had been applied on admission. Roentgenograms of the lumbosacral spine were considered normal by the radiologist of the first hospital, apart from fractures of the a~a of the sacrum.
After his admission to our department, the neurological examination revealed that the patient had Anteroposterior and lateral roentgenograms of the lumbosacral spine showed the presence of a fracture at the S1-$2 level (Fig. 3, 6 ), with the lateral view demonstrating forward displacement of the S1 over the $2 vertebra with significant angulation at this level. There were also fractures of the sacrum bilaterally at zone II [2] . Soon after admission, the patient was submitted to operation. A posterior reduction and stabilization was attempted, followed by laminectomies of the fifth lumbar and first sacral vertebrae. An extensive longitudinal rupture of the dura was restored. The relevant nerve roots were explored bilaterally and were found to be intact. Reduction was attempted using an instrumentation system that included: transpedicular .screws at the L4 and L5 vertebrae, a Hartshill frame, sublaminar wires at the L2, L3, and L4 levels, and a sacral bar. A partial reduction was obtained of the S 1 over the $2 vertebra (Fig. 4) .
The postoperative examination revealed muscular weakness of the quadriceps, extensors, and flexors of the left foot only (grade 3). Emergency myelography and CT did not demonstrate any clear interruption of the contrast media at the affected levels.
However, a second, emergency, operation was performed a few hours later. An extensive hematoma was found over the cauda equina and nerves, but there was no compression of the nerve roots by the bone fragments. The instrumentation previously applied was removed in toto. Later on, the laminae of S1 and $2 were excised and the two parts of the sacrum were osteosynthesized with a system of plates and screws.
Postoperatively the patient presented a significant toss of muscle strength of the right leg (grade 1-2). The attempt at the second reduction was considered to have caused the loss of muscle strength. In the following days, the muscle strength of the left leg showed signs of recovery.
The patient was discharged and prescribed a TLSO (ThoracoLumbar-Sacral-Orthosis) brace for a period of 6 months. After 2 months, the muscle strength of the left leg was nearly back to normal (grade 4) and that of the right leg had improved significantly One year after surgery, he was able to walk without pain, the neurological recovery was very satisfactory, and he had a stable lumbosacral spine. The muscle strength of the left leg was normal and that of the right was grade 4 (Frankel E).
Discussion
Fractures o f the sacrum, either an isolated injuries (3% o f pelvic injuries [7] ) or associated with pelvic injuries ( 4 - The neurological disturbances, that are associated with fractures of the sacrum are due to damage to the sacrum nerve roots. Therefore, disturbances to the sensation and muscle power of the legs, the bulbocavernosus reflex, the anal and urethral sphincters, and the Achilles tendons reflexes, as well as sexual dysfunction, may occur [11, 12] .
The observed neurological lesions may be due to S 1 compression of the sacral roots or simply due to acute distraction of the root, caused by displacement of the vertebral bodies [13] . A traumatic spondylolisthesis through the level of the S1 or $2 foramina, characteristically occurs in younger patients before completion of intersegmental ossification [17] , although exceptions have been reported [6] . The anatomy and, in particular, the ossification of the sacrum, are peculiar and differentiate it from the remainder of the vertebral column.
The bone consists of five independent vertebrae up to the age of 25-30 years, at which time a complete fusion of the different elements of each vertebra occurs. The fusing of the bodies of the contiguous vertebrae starts from the lower vertebra and continues upward, so that the first sacral vertebra is the last to fuse and thus form the sacral bone.
Roy-Camille [ i4] described three different types of upper sacrum fractures, based on the direction of the displacement of the upper part of the sacrum.
After studying the radiographs, both our cases were classified as type 3 [14] sacral fractures. The type 3 upper sacral fracture is an extension fracture with an anterior displacement of the upper fragment, in a more or less vertical position, that slips downward, in front of the lower fragment. Two observations are common to all type 3 sacral fractures 1. Anterior bending between the superior and inferior fragments 2. The verticalization of the inferior fragment There are only a few reports of transverse sacral fractures in adolescents [4, 9, 13] . The limited number of reported cases makes it hard to draw definite conclusions regarding the most appropriate treatment of those specific injuries in adolescents. We referred to two books [1, 16] that deal specifically with fractures of children and adolescents. Both propose conservative treatment, with bed rest, for a period of 3-6 weeks.
However, there is no agreement between authors dealing with sacral fractures, concerning the treatment of these injuries in adults. Nonoperative treatment, when used, should include bed rest with or without traction [6, 11, 12] . Avoiding flexion is important and postural reduction through extension should be attempted. The proponents of conservative treatment believe that injury of the spinal nerves at the level of the spine has a good prognosis. They argue that spinal nerves have the ability to restore their function progressively during a period of 12-18 months, because the neural tissue has the characteristics of a peripheral nerve and, therefore, it resists mechanical pressure better than the neural tissue. According to them if neurotmesis exists, there is no place for surgical intervention [10] .
The presence of residual sensory deficits may be related to the sensitivity of the sensory ganglia of the cauda equina, outside of the spinal column proper. Regeneration will probably not occur if the lesion is located between the cord and the ganglion cells [10] .
The proponents of operative treatment believe that surgery permits decompression, open reduction and stabilization of the fracture [5, 7, 8, 15] . Surgical reduction alone, or combined with decompressive laminectomy, may be found to have a positive effect, to some degree, on residual deficits, pain, and kyphotic deformity, in all patients followed over the long term. In addition, ruptures of the dura mater can be restored, so avoiding the creation of cerebrospinal fistula [3] .
Early operation prevents delayed neurological dysfunction, by inhibiting the formation of a large callus, evacuating the hematoma [5, 7, 17] , and impeding the movement of bone fragments.
In our cases extensive lumbar and sacral laminectomies were thought to facilitate the reduction of the transverse fracture (giving a full view of the fracture) and to enhance, by decompression, neurological recovery. The initial neurological deficit in our patients was extensive, but was resolved. Their recovery may also be attributed to such factors as their youth, the elasticity of the neural tissues, the early surgical treatment, and the elimination of the deformity at the level of the anterior displacement of the sacral fracture.
Conclusions, as far as recommended treatment is concerned, can not be reached on the basis of the two cases reported. These fractures are unstable and delayed neurological damage, increased kyphotic deformity, and persisting pain may occur [5, 7] .
We consider that these anteriorly displaced fractures of the sacrum have a better clinical outcome if treated operatively by extensive laminectomies at the lumbosacral area and posterolateral fusion. Stabilization of the displaced fracture is possibly preferable, because it provides the prerequisites for early mobilization and reduces pain.
